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© A semiconductor integrated circuit device and a method of fabricating such a device. 

© An oxide layer 104 is formed on a semiconductor subs- 
trate 101 by selective oxidation. Thereby the edges 104A of a 
window in the oxide layer 104 have edges which are naturally 
tapered. Using the oxide layer 104 as a mask, a buried layer 
105 is formed by ion implantation. The buried layer is flat at 
the centre of the window, curves up to the surface of the 
semiconductor substrate 101 in correspondence to the 
tapered edges 104A of the oxide layer 104 and extends into 
the oxide layer 104. A part of the buried layer 105B is exposed 
by etching of the oxide layer 104, and a contact region 1 10 is f 'f- 9 
formed at that exposed part. 
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A SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE AND 

A METHOD OF FABRICATING SUCH A DEVICE. 

The present invention relates to a semiconductor 
integrated circuit device and a method of fabricating 
5 such a device. 

Conventionally, a transistor in a bipolar integrated 
circuit device has a structure as indicated in Figure 1 
of the accompanying drawings which is a schematic 
cross-sectional diagram. In Figure l f 1 is a P type 
10 semiconductor substrate; 2 is an N type epitaxial 
layer formed on the substrate 1 ; 3 is an N + type 
buried layer deposited at the boundary between substrate 

I and the epitaxial layer 2; 4 is a P type isolation 
region formed to extend to the substrate 1 from the 

15 surface of the epitaxial layer 2. In addition, 5 

is a P type base region formed on or in the epitaxial 
layer 2 in a region defined within the isolation region 
4 for the formation of an active element; 6 is an N + 
type emitter region formed within the base region 5; 

20 7 is an N + type collector contact region formed within 
the epitaxial layer 2. Moreover, 8 is an insulating 
film covering the surface of the epitaxial layer 2; 
9 is an emitter electrode; 10 is a base electrode; and 

II is a collector electrode. 

25 In such a bipolar transistor, the collector of 

the transistor consists of the N + type buried layer 
3 and the N + type collector contact region 7. Collector 
series resistance can be reduced and the operating 
speed characteristic can be improved (that is, operating 
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speed can be increased) by forming buried layer 3 
and the collector contact region 7 in proximity to 
one another and, when possible, in such a way. that 
they contact one another. 

5 However, in a production method for fabricating 

the bipolar transistor of Figure 1, the collector 
contact region 7 is generally formed simultaneously 
with the emitter region 6 and as a result it is formed 
with almost the same depth as the emitter region 6 and 

10 does not extend down to the buried layer 3. As a 
result, the epitaxial layer 2 of lower impurity 
concentration extends between the collector contact 
region 7 and the buried layer 3, so that a reduction 
in collector series resistance is not achieved. 

15 It has been attempted to form the collector contact 

region 7 more deeply by forming the emitter region 6 
and the collector contact region 7 separately, but this 
results in an increase in the number of fabrication 
steps required. 

20 In order to overcome such difficulties of forming 

a collector in a conventional bipolar transistor and 
in the fabrication methods for such formation, the 
present applicant has proposed the following method 
in Japanese Patent Application No. 50-364 (application 

25 date: December 23rd, 1974). 

That is, as indicated in Figure 2 of the accompanying 
drawings, which is a schematic cross-sectional view, 
an insulating film 22 of silicon dioxide is formed 
to a thickness of about 1 fim on the surface of a P 

30 type silicon semiconductor substrate 21. 

Then, as illustrated in Figure 3 of the accompanying 
drawings, which is another schematic cross-sectional 
view, parts of the insulating film 22 are selectively 
removed by etching," thus forming a window 23 in which 

35 a part of the semiconductor substrate 21 is exposed. 

The edge 23A of the window 23 in the insulating film 22 
is provided with a taper of an inclination of about 
45 by a proper selection of etching conditions. - 
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Thereafter, phosphorus ions (P + ) are implanted 
into the semiconductor substrate 21 using the insulating 
film 22 as a mask, and thereby, as illustrated in 
Figure 4 of the accompanying drawings, which is 
5 another schematic cross-sectioDal diagram, an N type 
buried layer 24 is formed. The N + type buried layer 
24 is flat beneath the window 23 (that is, lies at a 
constant depth) but is inclined and changes continuously 
in depth at areas just under the inclined portions 
10 of the insulating* film 22 and part of the buried layer 
24 extends up to the boundary between the semiconductor 
substrate 21 and the insulating film 22. 

Then, the insulating film 22 is removed, and as 
illustrated in Figure 5 of the accompanying drawings, 
15 which is another schematic cross-sectional diagram, 
an insulating film 25 is newly formed on the surface 
of the semiconductor substrate 21. 

Thereafter, a window is provided in the insulating 
film 25, and phosphorus ions (P ) are implanted 
20 into a P type region 26 which is surrounded by the 
N + type layer 24 and into an exposed area of the N 
\^ y^/ type buried layer 24, and thereby, as illustrated 
^ in Figure 6 of the accompanying drawings, which is 

■ x U another schematic cross-sectional diagram, an N type 

25 emitter region 27 and an N + type collector contact 

region 28 are formed. The P type region 26 provides 
a base region. In Figure 6, 29, 30 and 31 
are respectively an emitter electrode, a base electrode 
and a collector electrode. 
3 0 n + type buried layer 24 forms a collector region, 

and a part of that N + type buried layer is led up to the 
surface of the semiconductor substrate by means of 
only a single;ion implantation step. Therefore, it is 
sufficient for the purposes of leading out the collector 
35 to a collector electrode, to form the collector contact 
region 28 to the same depth as the emitter region 27, 
and thereby the production process can be simplified 
as compared with that required for the realization of the 



Hjaooach <£p__ sxxaoastAiju* 



0032022 

-4- 

structure illustrated in Figure 1. 

However, in the method illustrated in Figures 2 to 6, 
it is difficult to form a tapered portion with a desired 
inclination at the edge 23A of the window 23 on the 
5 insulating film 22 in the process illustrated in Figure 3. 
That is, after providing the window 23 on the insulating 
film 22, a tapered portion is formed at the edge 23A y 
of the window 23 by changing the etching solution 
or by changing the mask used for etching, thus making 
10 the process of forming a window 23 with a desired ~ 
inclination angle and size troublesome and difficult. 

According to the present invent ion~t her e~~is provided 
a method of fabricating a semiconductor circuit device, 
wherein an insulating layer is formed on the surface 
15 of a semiconductor substrate, which insulating layer 
is provided with a window having an edge which is 
tapered (which tapers down to the surface of the substrate) 
and a buried layer is formed in the substrate, using 
the insulating layer as a mask, in such a manner that the 
20 buried layer is flat at the centre of the window and turns 
up to the surface of the substrate towards the edge of 
the window. 

According to the present invention there is also 
provided a semiconductor integrated circuit device 

25 comprising a semiconductor substrate, an insulating 

layexi formed on a surface of the semiconductor substrate 
and having a window with the edge tapered for defining 
an active region, a buried layer which is flat at the 
centre of the window, and curves up to the surface of 

30 the semiconductor substrate adjacent the edge of the window^ 
and a circuit element formed in the region surrounded 
by the buried layer and employing the buried layer as 
one conductive region thereof. 

An embodiment of the present invention can provide 

35 a structure for an element having a buried layer, in 
a bipolar integrated circuit device, which facilitates 
the leadingout of the buried layer. 

An embodiment of the present invention can provide 
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a structure for an element having a buried layer, in a 
bipolar integrated circuit device, such that integration 
density in the device can be improved. 

An embodiment of the present invention can provide 

5 a method of fabrication of an element having a buried 
layer, in a bipolar integrated circuit device, which 
facilitates the leading out of the buried layer to the 
surface of a semiconductor substrate in which the 
element is formed. 

10 An embodiment of the present invention can provide 

a method of fabrication of an element having a buried 
layer, in a bipolar integrated circuit device, 
whereby integration density can be improved. 

The present invention can also be applied to 

2 

15 I L semiconductor integrated circuit devices. 

Briefly, an embodiment of the present invention 
provides a semiconductor integrated circuit device 
having a semiconductor substrate, an insulating layer 
formed on the surface of the semiconductor substrate, 

20 with a window therein, having inclined edges, for 

defining an active region of the semiconductor substrate, 
a buried layer which is flat below the centre of the 
active region of the semiconductor substrate and 
turns up to the surface of the semiconductor substrate 

25 with a certain curvature in areas below the edges of the 
window in the insulating layer, and a circuit element 
structured in the active region and surrounded by the 
buried layer which provides one conductive region 
of the element. 

30 An embodiment of the present invention also provides 

a method of fabricating a semiconductor integrated 
circuit device comprising steps for: 

forming an insulating layer having a window therein 
with tapered or inclined edges by selectively oxidizing 
35 the surface of a semiconductor substrate, 

defining an active region within the window 
provided in the insulating layer, 

implanting impurities, by ion implantation, into the 
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semi conductor substrate using the insulating layer 
as a mask, 

thus to form an ion implanted layer which is formed 
at uniform depth in areas of the substrate not masked 
5 by the insulating layer, and which extends upwards 
to the surface of the semiconductor substrate in 
correspondence to the tapering edge portions of the 
insulating layer and moreover which extends continuously 
into the insulating layer from the surface of the semi- 
10 conductor substrate, 

exposing at least a part of the ion implanted layer 
at the surface of the semiconductor substrate by 
removing surface portions of the insulating layer, and 

forming a circuit element, wherein the ion implanted 
15 layer is taken to be a buried layer, in the region of the 
semiconductor substrate surrounded by the ion implanted 
1 ay er . 

Reference is made, by way of example, to the 

accompanying drawings, in which: - 

20 Figure 1 is a cross-sectional diagram illustrating 

the structure of a conventional bipolar transistor 

in a bipolar integrated circuit device; 

Figures 2 to 6 are respective cross-sectional 

diagrams for assistance in explanation of a method 

25 of producing a bipolar transistor previously proposed 

by the present applicant; 

Figures 7 to 13 are respective cross-sectional 

diagrams illustrating a first process for fabricating 

a bipolar integrated circuit device embodying the 

30 present invention; and 

Figures 14 and 15 are respective cross-sectional 

diagrams, and Figure 16 is a plan view, illustrating 

a second process for fabricating a bipolar integrated 

2 

/ circuit device , in this case an I L device, embodying 

35 the present invention. 

Figures 7 to 13 illustrate a process embodying 
the present invention for fabricating a bipolar 
transistor in a bipolar integrated circuit device 
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embodying the^present invention. 

A P type silicon (Si) substrate 101 with an impurity 

15 3 

concentration of about 1 x 10 atoms/cm is first 
prepared . 

5 Next, a silicon nitride film 102 is selectively 

formed on an active region of the surface of the silicon 
substrate 101 (e.g. on a region where a circuit 
element is to be formed) and a channel cut layer 103 

1 7 

with a concentration (of impurity) as high as 1 x 10 atoms/ 
3 

10 cm is formed at the surface of silicon substrate 
101 by ion implantation of boron ions (B + ) into the 
surface of the silicon substrate 101 using the silicon 
nitride film 102 as a mask. This is illustrated in 
Figure 7. 

15 Thereafter, the surface of the silicon substrate 101 

is oxidised using a selective oxidation process 
employing the silicon nitride film 102 as a mask 
and thereby a silicon dioxide film (SiO^) layer 104 is 
formed to a thickness of about 1.1 /\m. This is 

20 illustrated in Figure 8. 

As a result of the selective oxidation process 
employing silicon nitride film 102 as a mask, the silicon 
dioxide layer 104 is formed in such a manner that 
a part of it progresses beneath the bottom of the 

25 silicon nitride film 102 along the boundary between the 
silicon nitride film 102 and the silicon substrate 101, 
causing the formation of a so-called "bird's beak". 
When the silicon nitride film 102 is removed, the exposed 
portion of the silicon substrate 101, namely the 

30 active region, is defined by andsurrounded by the silicon 

dioxide layer 104 of which the edge 104A is inclined 

or tapered or curved. 

Thereafter, phosphorus ions (P + ) are implanted 

into the silicon substrate 101 using the silicon dioxide 

35 layer 104 as a mask. For example, the ion implantation 

conditions are as follows: acceleration energy 400 KeV, 

15 2 

and dosage 1 x 10 atoms/cm . As a result, as illustrated 

+ 19 3 

in Figure 9, an N type buried layer of 2 x 10 atoms/cm 

is formed at a depth of 5000X to 600oX within the silicon 
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substrate 101 where the substrate 101 is not covered 
by the silicon dioxide layer 104, and an ion implantation 
layer 105A is formed at a depth of 4000& to 450oX 
within the silicon dioxide layer 104, and the N + 

5 type buried, layer 105 and the ion implantation 

105A come into contact with each other at the surface 
of the silicon substrate 101 beneath the tapered or 
inclined edge 104A of the silicon dioxide layer 104. 
Namely, the N + type buried layer 105 gradually approaches ; 

10 or curves up to or com^sup close to the surface 

of the silicon substrate 101, in a fashion provided 
by the tapering angle or curvature of edge 104A, 
under the tapered edge 104A of the silicon dioxide 
layer 104 and appears at the surface of the silicon 

15 substrate 101 under the silicon dioxide layer 104. 

An active region 101A of the silicon substrate 101 j 
surrounded by the N + type buried layer 105 is j 

inverted to an N~ type region with a surface impurity / 

17 3 1 

concentration of about 1 x 10 atoms/cm by such / 

20 phosphorus^ ion implantation. Such inversion is effected 
because the phosphorus ions are normally distributed 
(Gaussian distribution) in the ion implanted region. J 
When it is required to further increase impurity \ 
concentration of such N~ type active region 101A, j 

25 this can be done by further implantation of phosphorus j 
ions into the active region 101A by reducing ion ; 
implantation energy. 

Thereafter, the surface of the silicon dioxide 
layer 104 is removed by etching using a fluoric acid 

30 series etching solution. As a result of the phosphorus 
ion implantation, parts beneath the surface of the 
damaged silicon dioxide layer to a depth of about 4000? 
to 450oX are easily etched. In addition, as a result 
of such etching process, the edge 105B of the N + type 

35 buried layer 105 is exposed. This is shown in Figure 
10. In the etching of the silicon dioxide layer 104, 
the etching speed of parts which have been subjected 
to ion implantation is enhanced to about twice that of 
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parts not subjected to ion implantation. Therefore, 

termination of etching for parts which have been subject 

to ion implantation can be detected easily by. observing 

etching speed changing points. 

Thereafter, a silicon dioxide film 106 is formed 

to a thickness of about 2000^ by a thermal oxidation 

process on the surface of the active region 101A . 

Then a window is selectively provided on the silicon 

dioxide film 106 and/or boron ions are implanted 

using a photoresist layer (not illustrated) formed on 

the silicon dioxide film 106 as a mask, and thereby a 

P type base region 107 is formed on the active region 

101A. For example, such boron ion implantation can be 

carried out under such condition that acceleration 

15 2 

energy is 50 KeV and dose is 1 x 10 atoms/cm . 

As a result, the base region 107 is formed to a thickness 

of about 1500&. This is shown in Figure 11. 

Windows are provided in the silico dioxide film 
106 where it covers the base region 107 and where it 
covers exposed portion 105B of the N + • type 
buried layer 105 and a phospho-silicate glass (PSG) 
layer 108 is then formed to a thickness of about 6000? 
to 1 JUon covering over the windows and silicon dioxide 
layer 104 and silicon dioxide, layer 106. A well 
known CVD (chemical vapour deposition) method can be used 
for formation of PSG layer 108. 

Then, phosphorus is diffused from the PSG layer 108 

by heat treatment and thereby an N + type emitter 

region 109 and an N + type collector contact region 110 

20 3 

with a surface concentration of 1 x 10 atoms/cm 
and a depth of about 200o£ are formed. 

The base region 107 reaches a depth of 300oX 
because boron ions advance by diffusion. This is shown 
in Figure 12. 

Next, windows are formed selectively on the PSG 
layer 108 and silicon dioxide film 106, and moreover 
an aluminium layer is deposited to a thickness of about 
1 jUto by an evaporation method covering the windows 
and PSG layer 108. In succession, the aluminium layer 
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is selectively removed by etching to form an emitter 
electrode 111, a base electrode 112, and a collector 
electrode 113. This is shown in Figure 13. 

In the bipolar transistor structure indicated 

5 with reference to Figures 7 to 13, N + type buried 
layer 105 which forms a portion for leading out the 
collector extends up to the surface of the semiconductor 
substrate at curved end parts thereof, and thereby 
connection to collector contact region 110 can be 

10 effected easily; as a result collector region 
series resistance can be made very small. 

Therefore, high speed operation can be realized 
by the bipolar transistor structure. 

In addition, since the formation of the collector 

15 contact region 110 does not require the utilization 

of a wider area than necessary for other steps, a bipolar 
transistor structured as in Figures 7 to 12 can be made 
small in size, thus realising higher integration density 
in an integrated circuit device. 

20 Accordin g to the embodiment of thepresent invention 

described above, since the silicon dioxide layer formed 
by a selective oxidation process is used as a mask for 
obtaining a buried layer, the edge of the window provided 
by the mask is naturally tapered or curved. Therefore, 

25 as compar ed with the previous proposal of Figures 2 to 6, 
the fabrication processes involved in an embodiment 
of the— present invention are much simpliireir- as compared 
with the prirrr" me fEod wherein the edge is provided with 
a taper through a plur ality of pr ocessing steps 

30 for the edge of a window of the mask used for forming 
the buried layer. 

Moreover, since^in the embodiment of the present 

invention illustrated above, the emitter region and 
collector contact region are formed in the same process 

35 step, fabrication steps can be simplified. 

Furthermore, according to the embodiment of the present 
invention described above, the buried layer is formed 
by an ion implantation method and circuit elements 
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such as a transistor are formed in a part of the semi- 
conductor substrate surrounded by the buried layer, 
so that an epitaxial layer forming process which is 
required in the prior proposal of Figure 1 is no longer 
5 necessary and thereby fabrication processes 
are simplified. 

Figures 14 to 16 illustrate an Integrated Injection 
Logic (I 2 L) device, and the fabrication of such a device, 
according to another embodiment of the present invention. 
10 The I L device is formed by using similar techniques 
to those described above in connection with Figures 7 
to 13. Thus, a buried layer (203) oan be formed 
which curves upwards . . towards the semiconductor 
substrate surface. The buried layer is formed using an 
15 oxide film (202), formed by selective oxidation, 

as a mask , so that curved or tapered edges of the 
oxide film are naturally provided. 

Figure 14 shows that a silicon dioxide layer 202 having 
a tapered edge is grown on the surface of an N type 
20 silicon substrate 201 by a selective oxidation 

method and then N + type buried layers 203 are formed 

by phosphorus ion implantation using the silicon dioxide 

layer 202 as a mask. 

Thereafter, P type regions 204A, 204B, 205A, 205B 
25 are formed by selective diffusion of boron or by boron 
ion implantation in the active regions surrounded by the 
N + type buried layers 203. Here, since the silicon 
dioxide layer 202 which is used as the mask for ion 
implantation is formed with a tapered edge, the N 
30 type buried layers 203 rise to the surface of the 
silicon substrate 201 along the tapered edge. 

The foregoing ion implantation for obtaining 
the buried layer 203 is performed under conditions, 
for example, such that acceleration energy is 400 KeV 
35 and the dosage 1 x 10 15 atoms/cm 2 . The ion implantation 
for obtaining the P type regions 204, 205 
is performed under conditions, for example, such that 

1 4 

acceleration energy is 50 KeV and the dosage is 1 x 10 
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2 

atoms/cm . 

Figure 15 illustrates that, after exposing parts 
of the N + type buried layers 203 by removing parts 
of the silicon dioxide layer 202 'damaged by ion implantation 

5 by etching, a silicon dioxide film 206 is formed on the 
surface of the active region; N type regions 207A, 
207B, 207C and 207D and 208A, 208B are formed by providing 
windows in the silicon dioxide film 206 and by 
implanting arsenic ions (As + ) into the P type 

10 regions 205A, 205B and N type region 201; and then 
electrodes are formed by providing windows in the 
silicon dioxide film 206 and depositing a metal layer 
such as aluminium and selectively removing parts of 
the metal layer . 

15 The ion implantation of arsenic is carried out 

under conditions, for example, such that acceleration 

15 2 

energy is 80 KeV and the dosage is 5 x 10 atoms/cm . 

2 

Figure 16 shows a plan view of the I L device 
as illustrated in Figure 15. 

20 In "the structure shown in Figures 15 and 16, P type 

regions 204A, 204B,N type regions 201 and P type 
regions 205A, 205B form lateral PNP transistors 
within regions surrounded by the N + buried layer 203 
with the P type regions 204A, 204B used as injectprs 

25 and N type regions 201 as base regions. 

In addition, N type regions 201, P type regions 
205A and 205B and N type regions 207A, 207B, 207C 
and 207D form vertical NPN transistors respectively 
for which the N + type buried layers 203 are used as 

30 emitter lead out portions, P type regions 205A and 205B 
are used as base regions and N type regions 207A, 
207B, 207C and 207D are used as collector regions. 
Electrodes 209A, 209B are respective injector 
electrodes and electrode 210 is used as a base 

35 electrode of lateral PNP transistors and as emitter 
electrodes of vertical NPN transistors. Moreover, 
electrodes 211A, 211B are respectively used as 
collector electrodes of lateral PNP transistors and as 
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base electrodesxtf vertical NPN transistors. Thus, 
electrodes 212A to 212D form collector electrodes 
of the vertical NPN transistors. 

In such a structure embodying the present invention, 
5 since N + type buried layers 203 extend up to the surface 
of the semiconductor substrate, connection between 
an emitter region and an emitter contact region 208 
of a vertical NPN transistor can be made very easily 
and thereby emitter region series resistance can be 
10 kept very small. 

Since an emitter region electrode is deposited 
at the surface of the silicon substrate 201, connection 
with a lead wire leading out the electrode can be 
easily effected. 
15 Furthermore, since the P type injector regions 

204A, 204B are surrounded by N + type buried layers 
203 except for surfaces of the injector regions facing 
P type regions 205A, 205B, a lesser amount of carriers 
(holes) injected are lost and injection efficiency 
^0 of the lateral PNP type transistors can be improved. 

According to the embodiment of the present invention 
illustrated in Figures 14 to 16, since a silicon 
dioxide layer formed by a selective oxidation process 
is used as a mask for forming a buried layer 203, 
25 the required tapered portion is formed naturally at the 

edge of a window in the mask. For this reason the silicon 
dioxide layer is directly used as the mask and thereby 
a buried layer 203 of which the edge extends up to the 
surface of the silicon substrate 201 can be formed 
30 very easily. 

Thus, an embodiment of the present invention 
provides a st^uplgire for a semiconductor integrated 
circuit device^ includes circuit elements such as a 
bipolar transistor for example, in which a buried layer 
35 for the bipolar transistor is formed by an ion implantation 
method using an insulating layer formed with a window 
therein the edge of which window is tapered at the surface 
of a semiconductor substrate, as a mask. A part of 
the buried layer appears at the surface of the semiconductor 
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substrate, thus providing for establishment of 
connection to electrodes. Such a circuit element is 
formed in an active region surrounded by the buried 
layer . 

5 The present invention provides a semiconductor 

integrated circuit device comprising; a semiconductor 
substrate, an insulating layer formed on a surface of 
said semiconductor substrate and having a window with 
the edge tapered for defining an active region, a 

10 buried layer which is flat at the centre of the 

active region of semiconductor substrate defined by said 
insulating layer and is extending up to the surface 
of said semiconductor substrate with the portion near the 
window of said insulating layer curved, and a circuit 

15 element structured in said active region with said 

buried layer considered as the one conductive region. 

A semiconductor integrated circuit device comprising; 
a semiconductor substrate having one conductivity 
type, an insulating layer formed on a surface of said 

20 semiconductor substrate and having a window with the 
edge tapered for defining an active region, a buried 
layer of the opposite conductivity type which is 
flat the centre of the active region defined by said 
insulating layer and is e*t€3Aing up to the surface 

25 of said semiconductor substrate with the portion near 
the window of said insulating layer curved, the first 
region of the opposite conductivity type which is 
surrounded by said buried layer in said active region, 
a region of one conductivity type formed in said first 

30 region of the opposite conductivity type, the second 
region of the opposite conductivity type, which is 
formed in said region one conductivity type, and 
a bipolar circuit element where said buried layer is 
used as the leading portion of said first region of 

35 opposite conductivity type. 

A semiconductor integrated circuit device 
comprising; a semiconductor substrate of one conductivity 
type, an insulating layer formed on a surface of said 
semiconductor substrate and having a window with the edge 
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tapered for defining an active region, a buried layer 
of one conductivity type which is flat at the centre 
of the active region defined by said insulating layer 
and is extending up to the surface of said semiconductor 

5 substrate with the portion near the window of said 
insulating layer curved, the first region of one 
conductivity type surrounded by said buried layer 
in said element forming region, the first and second 
regions of opposite conductivity type being formed 

10 separately in a lateral direction within said first 

region of one conductivity type, the second region of 
one conductivity type formed within said first region 
of opposite conductivity type, and an integrated 

15 injection logic element where said buried layer 

is used as a leading out portion of said first region 
of one conductivity type. 

A method for fabricating a semiconductor 

20 integrated circuit device comprising the steps for; 
forming the insulating layer having a window 
with the edge tapered by selectively oxidizing 
the surface of a semiconductor substrate, defining 
an active region by said window provided on said 

25 insulating layer, ion implanting impurities into said 
semiconductor substrate using said insulating layer 
as the mask, forming an ion implanted layer which is 
formed at the equal depth in the area not masked by 
said insulating layer, extending up to the surface 

30 of said .semiconductor substrate corresponding to said 
tapering at the edge portion of said insulating layer 
and moreover extending continuously into said insulating 
layer from the surface of said semiconductor substrate, 
exposing at least a part of said ion implanted layer to 

35 the surface of said semiconductor substrate by removing 
the surface portion of said insulating layer, and 
forming a circuit element where said ion implanted 
layer is considered as the buried layer in the region 
of said semiconductor substrate surrounded by said ion 
implanted layer. 
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CLAIMS 

1. A method of fabricating a semiconductor circuit 
device, wherein an insulating layer is formed on the 
surface of a semiconductor substrate, which insulating 
layer is provided with a window having an edge wt^ icfa _ 

is tapered (which tapers down to the surface of the substrate 
affd^lTTjulried layer is formed in the substrate, using the 
insulating layer as a mask, in such a manner that the 
buried layer is flat at the centre of the window 
and turns up to the surface of the substrate towards 
the edge of the window. 

2. A method as claimed in claim 1, wherein the 
insulating layer is formed by selective oxidation of 
the surface of the substrate, thereby to provide 

the window with an edge which is tapered, and wherein 

the buried layer is formed in such a manner that it 

has a constant depth in a region of the - substrate 

not masked by the insulating layer, turns up to the 

surface of the substrate in correspondence with the 

/in 

tapering of the edge of the window, and extenasr~a 
continuous manner into the insulating layer from the 
surface of the substrate. 

3. A method as claimed in claim 1 or 2 , wherein the 
buried layer is formed by ion implantation of impurities 
into the substrate and insulating layer . 

4. A method as claimed in claim 1, 2 or 3 , wherein 
a part of the buried layer is exposed by removing a 
portion of the insulating layer. 

5. A method as claimed in claim 4, wherein a contact 
region is formed at the exposed part of the buried layer. 

6. A method as claimed in any preceding claim, 
wherein a circuit element is formed in that part of the 
substrate above and surrounded by the buried layer. 

7. A method as claimed in claim 6, wherein the circuit 
element is a bipolar element. 

8. A method as claimed in claim 6, wherein the circuit 

2 

element is an I L element. 

9. A method as claimed in any one of claims 1 to 6 , 
wherein the semiconductor substrate is of one conductivity 
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type and the buried layer is of the opposite conductivity 

type, and wherein a first region,of the said opposite 

conductivity type, is formed which is surrounded by the 

buried layer, a second region, of the said one conductivity 

type, is formed in the first region, a third region, 

of the said opposite conductivity type, is formed in 

the second region, and a bipolar circuit element is 

formed in which the buried layer is used as a 

lead out portion for the said first region. 

10. A method as claimed in any one of claims 1 to 6, 

wherein the semiconductor substrate is of one 

conductivity type and the buried layer is of the 

said one conductivity type, and wherein a first region, 

of the said one conductivity type, is formed which is 

surrounded by the said buried layer, \ second and 

third regions, of the opposite conductivity type, 

are formed separately in a lateral direction within the 

first region, a fourth region, of the said one 

conductivity type, is formed within the said first 

region, and an integrated injecting logic element 

is formed in which the buried layer is used as a 

lead out portion for the first region. 

11. A semiconductor circuit device fabricated by a 
method as claimed in any one of claims 1 to 10. 

12. A semiconductor integrated circuit device comprising 
a semiconductor substrate, an insulating layer formed 

on a surface of the semiconductor substrate having a 
window therein the edge of which is tapered , and a 
buried layer which is flat at the centre of the 
window and curves up to the surface of the semiconductor 
substrate adjacent the edge of the window, and a circuit 
element formed in the region surrounded by the buried 
layer and employing the buried layer as one conductive 
region thereof. 

13. A device as claimed in claim 72, wherein the 
insulating layer is formed by selective oxidation of 
the semiconductor substrate. 

14. A device as claimed in claim 12 or 13, wherein a 
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contact region is formed at a part of the said 
buried layer at the surface of the semiconductor 
substrate. 
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